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ABSTRACT 

This test consisted of the tiring of cartridges crimped to 100-pound average bullet 
pull (normal representative production value), 35-pound average bullet pull 
(minimum specification requirement) and uncrimped cartridges, all reassembled 
without propellant from each of two 5. 56mm, ball,  M193 cartridge lots (LC 12507 
and TW 18310), in each of three M16A1 rifles with varying records of rounds fired. 

The tests indicated that: 

a. 5.56mm. ball,  M193 cartridges without propellant, when fired, can lodge 
bullets sufficiently into the rifling of an M16A1 barrel to permit the chambering of 
the next round when the rifling of the barrel at the bullet seat is sufficiently worn 
or eroded, 

b. Incidents of bullet-in-bore type malfunctions increase as the strength of 
the crimp is reduced. 

c. The distance which a 5. 56nim, ball, M193 bullet travels, from the energy 
exerted bv primer action alone, varies with the type of primer. The metallic fueled 
Number 41 type primer will impart more energy than the nonmetallic fueled Number 
195 primer. 

PURPOSE 

To investigate possible causative factors and describe effects of bullet-in-bore type 
malfunctions when firing 5.5Gmm, ball,  M193 cartridges in M16A1 rifles. 
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INTRODUCTION 

During April 1969   a team representing AMCPM-RS,  USAWECOM, and USAMUCOM 
was deployed to three Army RVN training installations, viz, Fort Huachuca. Arizona, 
Fort Hood, Texas, and Fort McClellan, Alabama, to investigate recent M16A1 
weapon system malfunctions which caused the destruction of several rifles. 
It had been determined that these M16A1 rifles being used at the above three 
installations were "damaged" due to the firing of a cartridge after the lodging of 
a bullet in the bore.   In order to simulate the malfunctions observed and reported 
at the training Installations and determine possible cause or causes, the following 
conditions were investigated in this test: 

a.     Tampered cartridges (propellant removed and bullet re-inserted without 
crimp). 

(1) Effect of variance in primer type. 

(2) Effect of variance in barrel condition. 

b.    Cartridges assembled without propellant with varying degrees of bullet 
crimp. 

(1) Effect of variance in primer type. 

(2) Effect of variance in crimp strength. 

(3) Effect of variance in barrel condition. 

The Project Manager, Rifles, USAWECOM, Rock Island, Illinois, formulated 
a test program which was forwarded to Frankford Arsenal for consideration, modi- 
fication, and implementation.   The final coordinated test program is attached as 
Appendix A. 

   I    -—- 
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DESCRIPTION OF TESTS 

Material 

Ammunition;       Two 5.56mm, ball, M193 cartridge lots were used throughout the 
test.   One lot (LC 12507) contained Number 41 type primers, and the other lot 
(TW 18310) contained Federal Number 195 type primers.   Ammunition acceptance 
reports for both lots are attached as Appendix B. 

Weapons;      Three M16A1 rifles were used throughout the test; the first rifle 
was new,  the second rifle had a record of approximately 10, 000 rounds fired through 
its barrel,  and the third rifle was obtained from Fort Huachuca, with a barrel history 
of more than 30, 000 rounds fired. 

Preparation for Tests 

Ammunition;       A 20-round sample from each ammunition lot    as received, was 
subjected to a bullet pull test in accordance with AMSMU-P 715-501FA1.   Results 
are attached as Appendix C.   This test was conducted to determine the degree of 
bullet crimp which could be considered typical for a production lot of M193 
cartridges (100 pounds). 

A quantity of bullets from each ammunition lot was inertia pulled.   The propellant 
was scrapped; the bullets and primed cartridge cases were then reassembled 
without propellant, and crimped so that 80 rounds from each lot provided a bullet 
pull of 35-pound average, and 80 rounds from each lot provided a bullet pull of 
100-pound average.   From these samples, 20 rounds from each lot and for each 
bullet pull value were tested.   The values obtained from bullet pull tests in accord- 
ance with AMSMU-P 715-501FA1 are recorded in Appendix D. 

To simulate tampering, a quantity of 20 rounds from each ammunition lot was 
debulleted by pressing the points/ogives of the bullet on a hard surface until the 
bullets could be extracted by hand.   The propellant was scrapped; the bullets and 
primed cartridge cases were then reassembled by hand without propellant, and 
were not crimped. 

All cartridges were checked by a "Go/No-Go" gage for overall length prior to loading 
into magazines. 

Weapons;      The barrel of each M16A1 rifle used in the test program was subjected 
to bore-gage measurements, and a cast of each chamber was made.   Results of 
the bore-gage measurements are recorded in Appendix E.   Measurements of the 
chamber casts are shown in Figure 1. 

J 



Firing of Tests 

All firing was conducted indoors at a Function and Casualty Range at ambient 
temperature (70° + 2° F).  One te.st lixture was used throughout the firing.   The 
following table indicates the actual number of "modified" cartridges fired during 
the test. 

Table I 

Number of "Modified" Cartridges Fired During the Test 

100-pound 
Bullet Pull 

35-pound 
Bullet Pull Not Crimped 

M16A1 Rifle 
Fort Huachuca (30, 000 rds) 

Used  (10, 000 rds) 

New 

LC12507 TW18310 

20 

20 

20 

LC12507 

5 

Ö 

5 

TW18310 LC12507 TW18310 

20 

20 

20 

5 

5 

5 

3* 

5 

4* 

5 

5 

5 

TOTAL GO 60 1') 15 12 15 

* Failures-to-feed attributed to faulty magazines precluded firing five rounds. 

Each of the modified rounds was positioned in a magazine so that it was the third 
round fired in automatic mode.    The two preceding rounds in each magazine were 
"unmodified" cartridges from the same lot as the "modified" cartridge.    The remain- 
ing 17 rounds in each magazine (which were not fired) were also "unmodified" 
cartridges from the same lot. 

In all firing observations, the weapon stopped firing after the third round.   After 
each stoppage,it was first determined whether the bullet of the "modified" cartridge 
had separated from the case.    If the bullet did not separate from the case, the 
cartridge was rechecked to see whether the length increased beyond the normal 
maximum allowable assembled length.    It the bullet did separate from the cartridge 
case, the position of the bullet in the bore was measured and recorded, and an attempt 
was made to chamber the following cartridge employing first the charging handle 
and then the forward assist.    If the bolt remained in the unlocked position, the attempt 
to chamber a round was repeated for two additional rounds.   The bullet was then 
removed from the bore and the testing continued by insertion of another loaded 
magazine. 

After completion of the above testing in all three rifles, the rifle from Fort Huachuca 
was used in a destructive test wherein a modified noncrimped cartridge was fired 
and the bullet lodged in the bore.   The next cartridge was chambered behind the 
lodged bullet and fired to determine the effects. 
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DISCUSSION 

Weapons;      Three M16A1 rifles exhibiting extreme bore erosion, but otherwise- 
serviceable, were shipped from Fort Huachuca to Frankford Arsenal.   The barrels 
of all three rifles were bore gaged, that is, measured for the diameters of the 
lands and grooves for the entire length of the bore.   These bore-gage measurements 
served as the parameter in choosing the weapon to test for destruction.   The rifle 
chosen, serial Number 598656, had a barrel history exceeding 30, 000 rounds and 
showed most erosion at the origin of rifling.   Results of the measurements of 
the three Fort Huachuca rifles are attached as Appendix E. 

Ammunition;      As stated previously, two 5, 56mm, ball, M193 cartridge lots were 
used throughout this test;   LC 12507 (Number 41 type primers) and TW 18310 
(Federal Number 195 primers).   The LC 12507 lot was accepted on 29 Oct 68, and 
the TW 18310 lot on 3 Apr 68. 

Significant Observations in Nondestruction Tests  (see Appendices F, G. and H) 

a. Description of modified cartridge components after firing. 

(1) The cartridge-case mouth and bullet base of all cartridges were coated 
with a black residue both inside and outside (typical of a cartridge fired without 
propellant). 

(2) All bullets recovered from the bore were partially engraved by the 
rifling. 

b. Frequency of bullet-in-bore type malfunctions   (see Table II). 

(1) LC 12507 (Number 41 type primer) modified cartridges with a 
100-pound average bullet pull produced bullet-in-bore malfunctions at the rate 
of 1 in 3.   TW 18310 (Federal Number 195 primer) modified cartridges produced 
bullet-in-bore malfunctions at the rate of 1 in 60. 

(2) Modified cartridges with 35-pound average bullet pull and/or noncrimped 
cartridges from both lots LC 12507 and TW 18310,  produced 100% bullet-in-bore 
malfunctions. 

i    ■ 



Table 11 

Number of Bu [lets Lodged in Bore 

Ammunition Rifle 
Bullet Pull in Pounds 

Not Criniped. 100 35 
LC 12507 
(Number 41 
Type Primer) Fort Huachuca 6   of   20 5   of   5 3   of 3* 

10, 000 rourds 5   of  20 5   of  5 5   of  5 
New 8   of   20 5   of  5 4   of  4* 

TW 18310 
(Federal 
Number 195 
Primer) Fort Huachuca 0  of   20 5   of   5 5   of  5 

10,000 rounds 1   of   20 5  of   5 5   of  5 
New 0  of   20 5   of  5 5   of  5 

♦Failure-to-feed malfunction attribvrted to. magazine precluded firing 5 rounds. 

c.     Position of bullets-in-bore   (ree Table III). 

(1) For all modified cartridges, the bullet lodged farthest down the bore from 
the chamber in the Fort Huachuca rifle and travelled the shortest distance from the 
chamber in the new rifle.   The position of bullets-in-bore for any given weapon and 
for any related bullet pull was consistent   (see Figure 4). 

(2) For LC 12507 modified cartridges, the bullets lodged further down the 
bore   ; om the chamber in all weapons than did any bullets of TW 18310 modified 
cartridges. 

Table III 
Average Bullet Position in Bore 

Ammunition Rifle 

Bullet Pull 

Not Criniped 100 pounds    35 pounds 

LC 12507 
(Number 41 
Type Primer) Fort Huachuca 16.641 16.600 16.532 

10,000 rounds 17.075 17.062 17.137 
New 17.562 17.562 17.437 

TW 18310 
(Federal 

Number 195 
Primer) Fort Huachuca   16.725 16.725 

10, 000 rounds 17.188 17. 163 17.188 
New   17. 562 17.574 

Values given represent distance from muzzle (without flash suppressor) to 
bullet point   (see Figure 4). 



d. Consequence of ballcs lodged in bcn-e. 

(1) Fort Huachuca Rifle     - the total number ol bullets lodged 
in the bore was 23.   All succeeding rounds could be chambered without resistfnre, 
that is, without indenting the base of the lodged bullet or without pushing  he bull! [ 
of the chanbered round into its cartridge case. 

(2) 10. 000 Round Rifle     -the total number of bullets lodged 
in the bore was 26.   Only three succeeding rounds could be chambered without 
resistance.   An additional seven succeeding rounds could be chambered, but force 
was required to overcome resistance (see Figure 25).   No succeeding rounds 
could he chambered behind the other 16 instances of bullets lodged in bore due to 
excessive resistance (procedure described in Appendix A). 

(3) New Rifle     - the total number of bullets lodged in the bore 
was 27.   With one exception (see Figure 26), no succeeding rounds could be 
chambered due to excessive resistance (procedure described in Appendix A). 

Note.- In each of the three weapons, two attempts were made lo chamber the 
succeeding round by releasing the charging handle; when this failed to accomplish 
complete chambering, the fonvai'd bolt assist also failed. 

e. Cartridge Elongation. 

Where modified cartridges failed to produce bullet-in-bore type 
malfunctions, chambered cartridges elongated as much as . 012" beyond the 
maximum allowable cartridge length due to pressure from the primer (see 
Figure 24).   Exact original lengths of cartridges were not determined although 
the lengths after hand crimping were gaged for acceptability with a "Go/No-Gu" 
gage. 

Significant Observations in Special Weapon Destruction Test 

a. A noncrimped cartridge (modified to simulate tampering) from 
lot LC 12507 was fired.    The bullet lodged in the bore at a position far enough 
forward of the rifle chamber so that the succeeding cartridge could be chambered 
in the normal manner without indenting the base of the bullet in the bore. This is 
typical of the results of previous tests with the Fort Huachuca Rifle.    The actual 
clearance between the base of the lodged bullet and the point of the bullet of the 
chambered cartridge was approximately . 406 inch. 

b. With the bullet in the bore and upon chambering an unmodified 
LC 12507 cartridge and firing, the weapon was badly damaged around the upper 
receiver (splitup to and along the carrying handle) and magazine areas (see 
Figures 7 through 20).   The disassembly ol the weapon revealed a bulged magazine 
housing (see Figure 12), a damaged magazine with three damaged cartridges 
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which were blown from the magazine and found on the floor of the gun-mounting 
fixture (see Figure 13), a fractured bolt carrier (see Figure 18), a bent and 
broken extractor (see Figure 17), a crack in the wall of the barrel through 
the locking lugs (see Figure 20), a ruptured cartridge case^ which was lodged 
in the chamber, and a bullet jacket^  found in the bullet seat when removing 
the ruptured cartridge case.   The recovered bullet jacket weighed 13. 557 grains. 
The nominal weight of a normal bullet jacket is 17. 000 grains. 

* The ruptured cartridge case was that of the succeeding cartridge that was 
chambered completely and fired into the lodged bullet in the bore (see 
Figures 20 and 21), 

ii 
It is theorized that this bullet jacket was from the lodged bullet in the bore. 
Upon examination, it was observed that the wall of the bullet jacket and 
cannelure were "ironed out" against the bore of the rifle by virtue of the 
passage of the second bullet through the bullet lodged in the bore (see Figures 
3 and 22). 

c.    The barrel was then subjected to additional examination as follows: 

(1) Upon visual inspection of the barrel, a carbon ring deposit 
was observed in the throat area.   A borescope examination determined the location 
of the deposit to be between 16. 65 and 16. 80 inches from the muzzle (without flash 
suppressor). 

(2) The barrel of the weapon was then defouled with a standard 
metal defouling solution and cleaned thoroughly.   The land and groove diameters 
were measured in 1-inch increments (at each of three radial positions) up to the 
approximate location where the carbon ring deposit was previously observed 
(16. 00 inches).   At the 16.00-inch location, groove diameter readings at 0.1-inch 
increments were taken (at each of three radial positions).   These measurements 
revealed a slight ring bulge in the throat area where the bullet jacket was lodged 
and where the carbon deposit appeared co be previously (see Appendix I). 

(3) A chamber cast of the damaged Fort Huachuca Rifle was also 
made (refer to Figure 2). 

Note. - The three radial positions are identified as follows: 

a. At the reference point (0°). that is, positioning the gas port of the 
barrel vertically upwards. 

b. 120° from the reference point. 

c. 240° from the reference point. 
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CONCLUSIONS 

1. As related to primer type and degree of bullet crimp: 

a. Upon firing M193 cartridges without propellant, the Number 41 type primer 
is more likely to lodge a bullet in the bore of an M16/M16A1 rifle than is the 
Federal Number 195 primer regardless of degree of bullet crimp. 

b. Upon firing M193 cartridges without propellant, the Number 41 type primer 
is also more likely to impart greater travel to a bullet lodging in the bore of an 
M16/M16A1 rifle regardless of condition of rifle bore. 

c. Upon firing M193 cartridges without propellant, both types oi primers 
produced bullets in the bore, on all occasions of testing, when the bullet crimp ranged 
from "no crimp" (tampered cartridges) to 35-pound average bullet pull (minimum 
specification requirement).    However, at a bullet pull of lOO-pound average, on all 
occasions of testing, the Number 41 type primer produced significantly more bullets 
lodged in the bore than did the Federal Number 195 primers. 

2. As related to conditions of the rifle bore: 

a. The degree of bullet travel and the ability to chamber cartridges behind 
a lodged bullet-in-bore., are both dependent upon the condition of the origin of rilling, 
that is, the severity of erosion. 

b. In li'.i. Foil Huachuca Rifle, characterized by severe bore erosion at the origin 
of rifling, all occurrences of "bullet lodged in the bore" were accompanied by sufficient 
bullet travel to permit the chambering of succeeding cartridges without application of 
force or without distortion to the chambered cartridge. 

c. In the used rifle (10,000 rounds fired) characterized by moderate bore erosioi 
at the origin of rifling,  succeeding cartridges on most occasions (10 out of 15) could 
be chambered behind those bullets lodged in the bore by the Number 41 type primer. 
In some instances this was accomplished with force, and in others without force, 
depending upon degree of bullet travel.    However, bullet-in-bore associated with the 
Federal Number 195 primers did not produce sufficient bullet travel to permit chamber- 
ing of a succeeding cartridge on any occasion, regardless of the amount of force applied. 

d. In the new rifle (no previous rounds fired) characterized by no bore erosion at 
the origin of rifling, succeeding cartridges could not be chambered behind a "bullet 
lodged in bore" regardless of the primer type involved or amount of force applied, 
except on one unique occasion.   On this occasion a Number 41 type primer afforded 
sufficient bullet travel to allow complete chambering of a succeeding cartridge, but onb 
after the application of force causing sufficient cartridge distortion to permit locking 
of the rifle bolt. 

8 



3. Severe weapon damage will result when a normally loaded cartridge is chambered 
and fired behind a bullet lodged in the bore of an Mlü/M16A1 rifle. 

4. All tampered cartridges (cartridges without propellant and without bullet crimp) 
when chambered and fired in the M16/M16A1 rifle will cause bullets to be lodged in 
the bore independent and regardless of any other factor. 

5. Likewise, when chambering and firing cartridges assembled without propellant 
and crimped in the range of normal production cartridges (from 35 to 100-pound 
average), bullets can also be lodged in the bore of M16/M16A1 rifles. 

Note. -   a.    The minimum bullet pull requirement of 35-pound average is a practical 
and realistic limit commensurate with normal mass-production practices and variables 
"for 5. 56mm cartridges.   It would be imprudent to consider a change to this requirement 
for any reason, presumably highlighted by this test program.    It would be particularly 
improdent to believe that an increase in the minimum bullet pull limit, or in the range 
for normal cartridge production would lead to a solution of the bullet-in-bore problem. 

b.     Although possible, the probability of cartridges inadvertently being 
produced without propellant. and passing undetected through inspection, weighing, 
packaging, and being shipped from an ammunition producer,  is very remote because 
of the elaborate precautions taken to preclude this occurrence.    Nevertheless, consider- 
ing that literally billions of rounds of small arms ammunition are manufactured each 
year, it is not impossible that some cartridges without propellant have been produced. 
Consequently, improved safeguards are constantly being pursued to preclude even the 
most remote possibility of this occurrence. 

RECOMMENDATIONS 

Draft a document for distribution to the Using Services citing the causes, consequences, 
and recommended precautions and remedies for this type malfunction. 
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Figure 17. View showing undamaged bolt and bent extractor, 
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Figure 18.    View showing fractured bolt carrier, 
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APPENDIX A 

TKT PROGRAM H9HK1 
T57 BXTF 

Engr Proof Testing Lab,   J9200 8 May 1969 
FROM: 

SUUECT: 
Propellant & Pyrotechnics Lab,  J9300 

TFlfTT 

J9300-8-69 

Bullet  In Bore Study 
PROJECT AUTHORITY: 

SEA-02 

1. tYPE OF TBT onJ tHYdBJEdTIVE: 

See attached  sheet. 

PMJKT WglREBE  
F. Braun/R. Fedyna, x24132 

AMC-CMS CODE i.  EXPEHNTURE ORDER: 

XO 93906-24 

STÜfliOfC PÖRTEST: 

Two aumo boxes each containing 840,   5.56inn,  Ball, M193 cartridges 
and TW18310. 

Lots LC12507 

3. ftRIEP KCireiRJUHB XHB SYNOPSIS OP PRESEHT SITUATION:  

It has been determined that a number of M16A1 rifles being used at training installa- 
tions were "Blown Up" due to the lodging of a bullet In the bore. The purpose of 
this test Is to duplicate some of the conditions encountered during the Investigations, 

A. FACILITIES REQUIRED Mb DESIRED TEST SITE:  

Bldg.  521   -  Bullet Pull Machine -  Inertia Pull Machine - Range to  fire tests. 

5. PRECAUTIONS IN HANDUNö Mb TKTmCT 

Observe normal  safety precautions. 

T. RECOMMENDED TEST PROÖRAKI: 

See attached sheet. 

7. TYPE REPORT DEilREb: 
See attached  sheet. 
8. DATE MATERIEL AVAILABLE FOR TEST: DESIRED DATE OP COMPLETION OP TEST: 

9. COORDINATION: a? ADDITIONAL SPACE IS REQUIHED COMTVIUB OK BLANK PAPMK) 

See attached  sheet. 
L 
SMVPA Form 110*. I) Dmr 6t (Fonfrly SMVFA Pom 3741) 
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1. TYPE OF TEST AND TEST OBJECTIVE: 

a. To test and record the bullet pull values of 5.56inm cartridges as 
received - Lots LC 12507 and TW 18310 - in order to verify bullet pull is 
100+ lbs. 

b. Inertia pull 5.56inm cartridges - Lots LC 12507 and TW 18310 - to save 
bullets and cases and scrap the propellant. 

c. After reassembly, test and record in order to verify two (2) bullet pull 
values - 35-50 lbs. and 100+ lbs. 

6. RECOMMENDED TEST PROGRAM: 

a. Verification of bullet pull values of 5.56inm cartridges as given on the 
Acceptance Sheets. 

LC 12507 TW 18310 

20 Rds 20 Rds 

b. Inertia pull,  200 from each lot  - LC  12507 and TW 18310  -  Scrap propellant 
and save all  cases  and bullets separately. 

LC 12507 TW 18310 

  200 Rds 200 Rds 
200 Cases 200 Bullets 200 Cases    200 Bullets 

c. Reassemble bullets In cases without propellant to obtain two (2) bullet 
pull values for each lot - LC 12507 and TW 18310. After obtaining these values, 
record pull of 20 rd each. 

LC 12507 TW 18310 

35-50 lbs    100+ lbs 35-50 lbs    100+ lbs 
20 rds      20 rds 20 rds       20 rds 

7. TYPE REPORT DESIRED: 

Record all bullet pull values of the original cartridges.  After establishing 
bullet pulls of 35-50 lbs and 100 lbs, record the valtes. Record all firing 
tests as recommended on attached sheets. 

9. COORDINATION: 

It is  requested that Project Engineers, F. Braun and R. Fedyna, x24132, 21130, 
be present during all bullet pullings and test firings so that detailed instruc- 
tions may be given.  It is also requested that an advance notice of no less than 
5 working days be given so that a WEC0M representative may be present to witness 
the firing tests. 
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SUGGESTED  TEST PLAN  FOR  BULLET  IN  BORE   STUDY 

A.     MATERIAL REQUIRED: 

1. Rifles: 

(a) One new M16A1 Rifle. ** 

(b) One M16A1 Rifle with approximately a 10,000 round history. ** 

(c) One M16A1 Rifle with approximately a 20,000 round history. * 

2. Ammunition: 

(a) 300 rounds of 5.56Tnm, M193 with Federal 195 primers - Sample I 

(TW 18310). 

(b) 300 rounds of 5.56inni, M193 with No. 41 primers - Sample II (LC 12507). 

* To be supplied by AMCPM-RS 

** To be supplied by Frankford Arsenal 

■AH 
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B.  PROCEDURE: 

1. Obtain chamber casts and air-gage readings of test barrels. 

2. Visually Inspect chamber and bore of test barrels. 

3. Modify 15 rounds of each anraunition sample as follows: 

(a) De-bullet rounds using an Inertia bullet puller, dump the pro- 

pellant, reassemble the bullet and case and crimp. Check bullet pull of 20 

rounds from the original sample and affirm that cartridges have approximately 

the same bullet pull after reassembly and crimping (approximately 100 pounds). 

(b) Repeat (a) except for bullet pull of approximately 35 pounds. 

(c) De-bullet rounds by pressing the bullet meplat on a hard surface, 

dump the propellant and reassemble without, crimping. 

4. Perform the following tests with the crimped and uncrlmped modified 

cartridges of samples I and II in each of the three test rifles. 

(a) Load a twenty round magazine with 19 rounds of ammunition from 

the unmodified sample and one modified round. The modified round is to be 

loaded as the third round to be fired. 

(b) Insert the magazine into the weapon and fire full automatic. 

(c) When the malfunction occurs with the modified round pull the 

charging handle to the rear, eject the round and engage the bolt catch. 

(d) If the bullet remains in the chamber release the bolt catch in 

an attempt to chamber the next round, 

(e) If the round fails to chamber employ the bolt assist. 

(f) If the round will still not chamber eject the round and repeat 

steps (d) and ve) with the next two rounds. 
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(g) Repeat steps (a) through (f) with four additional modified rounds. 

(h) Measure the overall length of all modified rounds in which the 

bullet stays in the case after firing. 

Do not fire any rounds which chamber after firing the modified rounds.  Obtain 

photographs of all test conditions and significant results. 

5. After completion of step #4, conduct the following test using the 

Huachuca rifle. Seat a bullet into the rifling far enough to allow for the 

chambering of a live round. Fire the live round and make note of the result 

and obtain photographs. 

This test plan Is subject to modification as results develop. 
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APPENDIX C 

BULLET PUL! VALUES OF CARTRIDGES AS RECEIVED 

TW 18310 

1 92 pounds 

2 106 pounds 

3 86 pounds 

4 92 pounds 

5 108 pounds 

6 102 pounds 

114 pounds 

8 102 pounds 

9 112 pounds 

10 118 pounds + 

11 86 pounds 

12 96 pounds 

13 92 pounds 

14 100 pounds 

15 110 pounds 

16 88 pounds 

17 98 pounds 

18 88 pounds 

19 78 pounds - 

20 96 pounds 

Average 9«.2 pounds 

LC 12507 

90 pounds 

98 pounds 

78 pounds 

92 pounds 

110 pounds 

114 pounds + 

110 pounds 

80 pounds 

92 pounds 

82 pounds 

108 pounds 

92 pounds 

94 pounds 

96 pounds 

88 pounds 

108 pounds 

94 pounds 

102 pounds 

96 pounds 

84 pounds 

95.4 pounds 
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APPENDIX D 

1 34 pounds 

2 23 pounds 

3 39 pounds 

4 27 pounds 

5 42 pounds 

6 36 pounds 

7 43 pounds 

8 35 pounds 

9 28 pounds 

10 21 pounds - 

11 45 pounds 

12 50 pounds 

13 50 pounds 

14 52 pounds + 

15 33 pounds 

16 29 pounds 

17 35 pounds 

18 34 pounds 

19 31 pounds 

20 46 pounds 

Average 36.65 pounds 

BULLET PULL VALUES (35-50 POUNDS) 

RECRIMPED CARTRIDGES 

TW 18310 LC 12507 

39 pounds 

17 pounds 

42 pounds 

29 pounds 

57 pounds + 

25 pounds 

47 pounds 

18 pounds 

36 pounds 

25 pounds 

35 pounds 

23 pounds 

49 pounds 

30 pounds 

54 pounds 

24 pounds 

55 pounds 

28 pounds 

37 pounds 

42 pounds 

36.60 pounds 
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BULLET PULL VALUES   (100 + POUNDS) 

RECRIMPED CARTRIDGES 

TW 18310 LC 12507 

1 114 pounds 100 pounds 

2 110 pounds 94 pounds 

3 80 pounds 120 pounds 

4 92 pounds 97 pounds 

5 114 pounds 96 pounds 

6 122 pounds 76 pounds 

7 120 pounds 92 pounds 

8 82 pounds 80 pounds 

9 122 pounds 108 pounds 

10 76 pounds 126 pounds + 

11 94 pounds 94 pounds 

12 96 pounds 84 pounds 

13 150 pounds + 96 pounds 

14 91 pounds 96 pounds 

15 88 pounds 80 pounds 

16 96 pounds 97 pounds 

17 100 pounds 78 pounds 

18 106 pounds 120 pounds 

19 88 pounds 84 pounds 

20 90 pounds 74 pounds - 

Average 101.55 pounds 94.60 pounds 
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APPENDIX E 

BORE CAGIMG RECORD 

CAL.     <SS6>-)^^                      MODEL: AV^ 

DATE: /? JvVU~ 

SERIAL NO: --fffUt? 

JSEh     //!/    T£\r 
DISTANCE 
MUZZLE 
INCHES 

LAND» 
IMt 

VERTICAL 

AMETER 
MES 

HORIZONTAL 

GROOVE 
IH( 

VERTICAL 

DIAMETER 
MES 
1       HORIZONTAL 

1 
\          2 

.XltP 

3 
!      4 

!           5 
\ 

i    6 
7 

!          8 

.X1HH' 

. XS.HX' 
9 

!    10 

!     ii \ 
i        12 

13 
1         14 

.ja. eo ' . ^ 2 VJ * 

1          15 
1         1« 
!         17 

, axto .21 Hl' 

14-/7 y 
19 
20 

ß+Auaaiff'»*' £>***. M*< 

!     21 

j         22 
!        23 mr>  sptc/L =  /.sotr 

24 
1         25 
1         26 

27 
28 

i         29 
30 

i        31 
32 
33 
34 

1        35 

3« 
1        37 
!        38 

1        ^ 
I        40 
1        41 

42 
!        43 
!        44 j 

1        45            1 
SHVFA-J Foim 2. 
(Forrnttlr mVPA 

>. it Stp tr 
■V Wmt 12) 
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CAL.       y£S& ■** 

BORE 6AGIWG RECORD 

MODEL:    M-SA. 

DATE:_zZ tStHl- 

SERIAL NO:    Mte*. 

ICCcn    ;?/),   iA/r:/)Ai/L/ 
DISTANCE 
MUZZLE 
INCHES 

LANDD 
INC 

VERTICAL 

AMETER 
MIS 

HORIZONTAL 

GROOVE 
INC 

VERTICAL 

DIAMETER 
:HES 

HORIZONTAL 

1 
2 

.nor 
, J.XOC " 

3 
4 
5 Alt'?' 

.3 2Hr 
. 21H2' 

6 
7 
8 

.im- I 

9 
10 

11 .Jiti"4 

12 
13 
14 

.Jiff 
.22 H3' 

15 
16 
17 

t22W 

.J2W 

19 
20 

Ome //** ■Jjso- 

21 
22 
23 H h $ i) ^ /9cV  =      J 4llf 
24 
25 
26 

57 
28 
29 

30 
31 
32 

33 
34 
35 

36 
37 
38 
39 
40 
41 

42 
43 
44 
45 

SMVFA-I Fom 33, 36 S»P «7 
(Fatwttly SMVFA-U Fern 13) 
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BORE GAGING RECORD 

DATE; //V^/i/.. 

CAL.      ^\*6M MODEL: /Y-U  SERIAL NO:   /JJ6 *33 

\   DISTANCE LAND DIAMETER GROOVE DIAMETER                   1 
MUZZLE INCHES INCHES 

!       INCHES VERTICAL HORIZONTAL VERTICAL HORIZONTAL 
Br.J- -J /y/* . 1 2H2* 1 

1             ' »J-iVt ' .2 2HC' ! 
1           2 . 2 2 if \ 

3 

!     4 

!        5 

!       6 ■ ^lit' .JJit*         \                                     \ 

i       7 . xi<<)- . 2 2. 3 i-" 
1           8 Aivs- 

I           9 tXlVt* 
j          10 .sLivr 1 

!      11 ,ji if*" .aihs- 
i      12 ,J i to' , 2 1W 

13 .20-/ / 
1          14 1 j !                                                      i 
i          15 .Jx^r                         I 

1          16 - 22 IS'' 
17 .xmr 1 , x 2 id- 
lt/7^ 
19 

,-?/y<r .1219~ 

20 
21 
22 

i         23 / /  /v,l S ?fU>l      -     i   "   !   1 
i         24 

25 
26 
27 
28 
29 
30 1 
31 1 
32 

i         33 1 
I 

34 ! 
j         35 i                                  1 

j         36 1 
37 !                          | 

1         38 
39 

1         40 
1         41 

42 
43 
44 

1          45 

SMVPA-J  Fotm Jl,  26  Sep 67 
(Foimttlr SMVFA-U  Form 12) 

IS 

■MM rid 



BORE GAGING RECORD 

Hi '/)( 

MODEL:    /IS 6 

DATE:          / 7 

SERIAL NO 

DISTANCE 
MUZZLE 
INCHES 

LANDD 
INC 

VERTICAL 

AMETER 
■HES 

HORIZONTAL 

GROOVE 
INC 

VERTICAL 

DIAMETER 
"HES 

HORIZONTAL 

2 

. 2 2P3- 

.3202.' 

.11HS1 

.XXHi' 
.2 2^5' 

3 
4 
5 

.Z2PI' 

.2X60- 

.XL Hi' 

1 
6 
7 
8 

.IXoo1' 
.J 2 £>'' 
.XXoo 

2* 
.ax 

v/' 
Hi?* 

9 
JO 

11 

\ 

,3Xci" 
12 
13 
14 

.ZXC2." 

.DUO* 
.Ji20H 

15 
16 
17 

\ 

.Jini" 
B/;„r 
19 
20 

.ax vy 

2: 
22 
23 

24 
25 
26 

28 
29 

30 
31 
32 

33 
34 
35 

36 
37 
38 

39 
40 
41 

42 
43 
44 
45 

SMVFA-J Form 3 
(Womttly SMVFÄ 

S, 31 S»p »7 
•V Fom 13) 
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BORE GAGING RECORD 

DATE: /7 Wc/SLT 

CAL. l£^jL MODEL:    SLZk SERIAL NO:  ££i 79* 

hVf. ̂ M 'C#       L-Lf'/J?; A n) 
DISTANCE 
MUZZLE 
INCHES 

LAND Dl 
INC 

VERTICAL 

AMETER 
HES 

HORIZONTAL 

1     '     GROOVE 
INC 

VERTICAL 

DIAMETER 
:HES 

HORIZONTAL 

1 
2 

. XI to" 
1 

3 
4 
5 

i 
,32 'io' 
, XX 39- 

6 
7 
8 
9 

10 
11 

J.l9r" 
.2*4*" .2.1 

3 9' 
is-" 

12 
13 
14 

.XUS- 

\ 

15 
16 
17 

.2 t9t" ,12.3f 
.2 159' 
.2Z*H' 

19 
20 

(^»X/^^*/'^V .IjLVf 

21 
22 
23 
24 
25 
26 

28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
45 

SmVPA-J Fomt 1), 36 Sap »1 
(Fotmirly SMVFA-V Fan, 13) 
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APPENDIX  I 

BORE GAGIHC RECORD 

DATE: ^LAL tÄZ. 
CAL.    jTjVgy MODEL:   dfS&OLL SERIAL NO:    £fl£l& 

{r/eccye'   C>t/?/*/£-rB-/z.< 
DISTANCE 
MUZZLE 
INCHES 

DIAMETER    ^Z«*äA ^«'/W 
INCHES lZOa 

HOHIZeNTAL 

^A^ ^»DIAMETER 
J7-^-^ INCH ES   Z*t0o 

yWTWAfc        I      HORIZONTAL 
„w^r 

■A 2* 7 
JUUL 

J2t7 

flits' 

a*** 

JZ*7 

Aj*r 

34* J 
lays' 

.J3*£ 

~T3W 

22yf ZT-S-o 
■zi i7 

■ 21 JO 
IZS-J 
JZfA ZZS'3 

2ZJft 

.2Zf3. 
■ JZi'Z 

£0   iv/r/*  s rs*A">/r/c o  /V^r/n-   /-■>,.'*-"<.'{- 

op THE.     li ßnfcL 
?*\*Rt>      (0°) 

s     po'ur/c/v,:-!) 

ir 
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BORE GAGING RECORD 

DATE: /VJ't-y 

CAL.   JTV/V; AH* 

"    VERTICAL ^ 

MODEL:    /f/t/f/ SERIAL NO-  £f££££. 

DISTANCE 
MUZZLE 
INCHES 

■BTT 
I 
2 

LAND DIAMETER 
INCHES 

pzcS 
2.at,t 

a      /Jo0 

HORIZONTAL VEPTICAli 

DIAMETER 
INCHES    X^O0 

HORIZONTAL 

22 eV 

220* 
ZZtA 

J2c3 
Z2eSd 

22e>y 

AXffA 

JZcy 

JJzJL 

22 eS- 
2Zes~ 

22o3 
2ze2 

*2o2 22.0 S 
2Zfi2. 

JLZeA 
2Z6S 
Wei 

22*'' 
220* 

22oA 
JLZcJ 

19 
20 

■} 
tzoy 

/9&H£ Sf/tÄ 

J2eV 
2*/0 ZZ/C 

c/ri/df**r/**/tji2j0 

1, 21 
22 
23 

'j^ctSAfÜ   if/rs/ JTW£>/*/*r>   yfjrryf^   s**». t-/*J6~ 

IT 
25 
26 

POhT OF Tue B/WRet 
?*J*Rb (0') 

JS   pc&moA/ci) 

28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
IT 

SMVfA-J Fomi 1), 3t Sop «7 
(Fomtttlr atVFA-V Paim 13) 
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Frankford Arsenal 
Philadelphia, Pa.  19137 

T*». REPORT  SECURITY   C L/» ttl r IC * TION 

UNCLASSIFIED 
ib.   CROUP 
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Bullec-in-Bore Study of 5.56mm, Ball, M193 Cartridge and M16A1 Rltle 
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II.   IPONSORINO MILITARY   ACTIVITY 

Frankford Arsenal 
Philadelphia,  Pa. 19137 

rrxsifnm  
This   test  consisted of  the  firing of  cartridges crimped  to  100 pound   average bullet 

pull   (normal  representative production value),   35 '^ound average bullet  pull   (rainunum 
specification requirement) and uncrimped  cartridges,   all reassembled without  propel 1 m 
from each of   two  5.56inm,   ball, M193  cartridge   lo'.s   (LC12507  and TW18310)   in ear!, ot 
three M16A1 Rifles with varying records  of   rounds   fired. 

The  tests   indicated  that: 

a. 5.56ram,   Ball,  M193  cartridges  without propellant,  when  fired  can   Ljdgu 
bullets  sufficiently   into the rifling of  an M16A1  barrel  to permit   tlie  chambering u! 
the next  round when  the rifling of  the  barrel   at   the bullet  seat  is   sufficiently worn 
or eroded. 

b. Incidents  of bullet-in-bore   type malfunctions   increase  as   the  strength ot 
the crimp  is  reduced. 

c. Th^  distance which a 5.56mm,   Ball,   M193 bullet  travels,   from  the energy 
exerted by primer action alone, varies with  the  type of primer.    The metallic fueled 
Number 41   type primer will  impart more  energy  than  tha non-metallic   fueled  Number  195 
primer. 
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